Abstract. cerebrovascular disease (cVd) is one of the leading causes of mortality worldwide. The role of cytochrome c oxidase subunit 6B1 (coX6B1) in the central nervous system remains unclear. The present study aimed to analyze the role of coX6B1 in rat hippocampal neurons extracted from fetal rats. The subcellular localization of the neuron-specific marker microtubule-associated protein 2 was detected by immunofluorescence assay. Cell viability was assessed using a cell counting kit, and the levels of apoptosis and cytosolic ca 2+ were analyzed by flow cytometry. The expression levels of the molecular factors downstream to coX6B1 were determined using reverse transcription-quantitative polymerase chain reaction and western blotting. reoxygenation following oxygen-glucose deprivation (oGd) decreased cell viability and the expression levels of coX6B1 in a time-dependent manner, and 60 min of reoxygenation was identified as the optimal time period for establishing an ischemia/reperfusion (i/r) model. overexpression of coX6B1 was demonstrated to reverse the viability of hippocampal neurons following i/r treatment. Specifically, COX6B1 overexpression decreased the cytosolic concentration of ca 2+ and suppressed neuronal apoptosis, which were increased following i/r treatment. Furthermore, overexpression of coX6B1 increased the protein expression levels of apoptosis regulator Bcl-2 and mitochondrial cytochrome c (cyt c), and decreased the protein expression levels of apoptosis regulator Bcl2-associated X and cytosolic cyt c in i/r model cells. collectively, the present study results suggested that coX6B1 overexpression may reverse i/r-induced neuronal damage by increasing the viability of neurons, by decreasing the cytosolic levels of ca 2+ and by suppressing apoptosis. These results may facilitate the development of novel strategies for the prevention and treatment of cVd.
Introduction
cerebrovascular disease (cVd) is a common disease affecting the nervous system and may be caused by various types of cerebrovascular injuries (1) . notably, cVd morbidity increased over the past years (2, 3) . in addition, cVd may affect the quality of life, and ~40% of patients with cVd present severe disabilities (4) . ischemic cerebrovascular disease accounts for ~75% of all cVd cases and presents high disability, mortality and recurrence rates (5) .
Treatments aimed to re-establish blood flow and blood perfusion in the ischemic penumbra following cerebral ischemia are necessary to improve the outcomes of patients with cVd (6, 7) . Previous studies demonstrated that metabolic disorders, oxidative stress, neurotoxicity of the excitatory amino acids, inflammatory cell infiltration, cell apoptosis, microvascular neovascularization and additional factors are involved in the development of cerebral ischemia-reperfusion (i/r) injury (8, 9) . The structure and the function of the vasculature may be severely impaired following i/r injury, influencing the permeability of the blood-brain barrier and the mechanisms underlying vascular homeostasis; these processes may aggravate cerebral edema, leading to a decline in the clinical outcomes of the patients (6, 10, 11) . Therefore, reducing reperfusion injury following cerebral infarction is an important topic of research. cytochrome c oxidase subunit 6B1 (coX6B1) is one of the subunits of the cytochrome c oxidase (coX) and is expressed in numerous cell types, including yeast and Hela cells (12) . The human coX6B1 gene is located on chromosome 19q13; the coding sequence comprises 261 base pairs and the protein contains 87 amino acids (12) (13) (14) (15) . The principal role of coX6B1 is to connect two coX monomers to form a dimer, serving a role in the cell respiratory chain (16) . alterations in the dimeric structure of the coX complex affects its function, and defects in the assembly of a functional dimer may cause severe diseases (17, 18) . a previous study demonstrated that genetic mutations in the conserved regions of coX6B1 may lead to mitochondrial encephalopathy (16) . Mitochondrial diseases are frequently associated with mutations in or an absence of coX (19) . additionally, previous studies reported that abnormal alternations of coX6B1 markedly affect the function of coX, potentially leading to the occurrence of cerebromyopathy, hydrocephalus and other diseases (16, 17) . coX6B1 protein may be associated with the development of the central nervous system (16) . Previous studies reported that coX6B1 may protect the myocardium against i/r injury by regulating mitochondrial function (20, 21) ; however, whether coX6B1 protects hippocampal neurons against i/r injury has not been reported, and the molecular mechanisms underlying the role of coX6B1 in the development of the nervous system remains unclear.
in the present study, a model of i/r injury was constructed using rat hippocampal neurons. additionally, the molecular mechanisms underlying the role of coX6B1 following i/r injury in hippocampal neurons was investigated.
Materials and methods
Animals. a total of 6 pregnant Sprague-dawley (Sd) rats at gestational day 18 (age, 2 months; weight, 180-200 g) were obtained from Guangdong Medical laboratory animal center (Foshan, China) and maintained at 22±1˚C, 40-70% humidity, with free access to food and water, under a 12-h light/dark cycle. The animal experiments were approved by The ethics Committee of The Nanchuan People's Hospital Affiliated to chongqing Medical university (chongqing, china).
Extraction of hippocampal neurons. Pregnant Sd rats were anesthetized by ether, and 12 fetal rats were extracted. The fetal rats were transferred to Petri dishes containing 75% ethanol and the heads were removed using a guillotine (cat. no. 7950; ugo Basile Srl, Gemonio, italy). Subsequently, the hippocampi were dissected and digested with 2.5 g/l trypsin (Beyotime Institute of Biotechnology, Haimen, China) for 15 min at 37˚C. dulbecco's modified eagle's medium/Ham's F-12 nutrient mixture (DMEM/F12; Gibco; Thermo Fisher Scientific, Inc., Waltham, Ma, uSa) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) was added to the tissues and gently agitated. Cell suspension was filtered through a 400-µm nylon mesh sieve, centrifuged at 1,000 x g for 5 min and resuspended in dMeM/F12 at a density of 1x10 6 cells/ml. The neurons obtained were cultured in an incubator under a humidified atmosphere containing 5% CO 2 at 37˚C for 24 h. Following a 24-h incubation, DMEM/F12 was replaced with neurobasal medium containing 2% B-27 supplement (Thermo Fisher Scientific, Inc.) and 5 µmol/l cytosine arabinoside (Sigma-aldrich; Merck KGaa, darmstadt, Germany) was added to inhibit glial cell proliferation; cells were subsequently incubated for 48 h at 37˚C. Following a 48-h incubation, the medium was replaced, and cells were cultured until further experimentation; 50% of the culture medium was replaced every 3 days.
Immunofluorescence assay. Following culturing, hippocampal neurons were fixed with 4% paraformaldehyde at room temperature for 20 min on glass coverslips. PBS containing 0.2% Triton X-100 (Thermo Fisher Scientific, Inc.) was used for permeabilizing cells for 10 min. cells were blocked with 5% bovine serum albumin (Bovogen Biologicals Pty ltd., Victoria, australia) at room temperature for 25 min. The cells were incubated with anti-microtubule-associated protein 2 (MaP2) antibody (1:100; cat. no. ab32454; abcam, cambridge, uK) at 4˚C for 24 h, and washed with PBS three times. Subsequently, the cells were incubated with goat anti-rabbit fluorescein isothiocyanate (FiTc)-conjugated immunoglobulin G (igG; 1:5,000; cat. no. ab6717; Abcam) at 37˚C for 1 h. Following incubation, the cells were washed with PBS three times, and subsequently incubated with DAPI (Thermo Fisher Scientific, Inc.) at room temperature for 10 min. Stained samples were observed under an MF43 fluorescence microscope (magnification, x200 and x400; Micro-shot Technology limited, Guangzhou, china).
Oxygen-glucose deprivation/reoxygenation (OGD/R) in vitro model establishment. Hippocampal neurons (1x10 6 cells/ml) were cultured in neurobasal medium containing 2% B-27 supplement at 37˚C with 5% CO 2 for 10 days and cells were exposed to oGd by replacing the neurobasal medium with earle's balanced salt solution (eBSS) without glucose. The cells were maintained in an anaerobic chamber (YQX-ii; Shanghai ciMo Medical instrument co., ltd., Shanghai, china) with 95% n 2 and 5% co 2 for 60 min at 37˚C. Subsequently, cells were subjected to reoxygenation treatment (incubation in neurobasal medium in an incubator with 5% co 2 at 37˚C) for 10, 30 or 60 min prior to further experimentation.
Cell viability analysis.
Following the aforementioned oGd/r treatment, a cell counting Kit-8 (ccK-8) was performed to determine the viability of cells following oGd and oGd/r treatment. The hippocampal neurons (2x10 3 cells/well) were seeded into 96-well plates and maintained in an incubator for 24 h at 37˚C. Following incubation, 10 µl CCK-8 reagent (Beijing Solarbio Science & Technology co., ltd., Beijing, china) was added into each well. cells were transferred into the incubator and maintained for 2 h at 37˚C. A microplate reader (Bio-rad laboratories, inc., Hercules, ca, uSa) was used to detect the absorbance at 450 nm.
Cell transfection. The pcdna3.1(+)-empty vector (eV) and pcdna3.1(+)-coX6B1 vector were purchased from Genomeditech co., ltd., (Shanghai, china). cells were seeded (2x10 5 cells/well) into 6-well plates, serum-starved overnight, and subsequently transfected with coX6B1 vector (20 nM) using lipofectamine ® 3000 (invitrogen; Thermo Fisher Scientific, Inc.). Cells were transfected for 36 h at 37˚C prior to subsequent experimentation. cells were transfected with the plasmids prior to oGd/r.
Cell grouping.
To assess the effects of oGd/r treatment on neurons, cells were divided into five experimental groups: i) control group, in which untreated neurons were exposed to PBS; ii) oGd group, in which cells were exposed to oGd for 60 min, as aforementioned, without reoxygenation; iii) oGd-10 group, oGd cells exposed to reoxygenation treatment for 10 min; iv) oGd-30 group, oGd cells exposed to reoxygenation treatment for 30 min; v) oGd-60 group, oGd cells exposed to reoxygenation treatment for 60 min. Based upon the results of this experiment, oGd-60 treatment was selected to be the i/r injury model in subsequent experiments. To investigate the role of coX6B1 in oGd/r-induced damage, cells were divided into six groups: i) control group, untreated cells; ii) eV group, cells transfected with pcdna3.1(+)-eV; iii) coX6B1 group, cells transfected with pcdna3.1(+)-coX6B1 overexpression vector; iv) eV + i/r group, oGd-60 cells transfected with pcdna3.1(+)-eV; v) i/r group, untransfected oGd-60 cells; and vi) coX6B1 + i/r group, oGd-60 cells transfected with pcdna3.1(+)-coX6B1. all experiments were performed at least three times.
Cytosolic Ca
2+ levels analysis. The cytosolic ca 2+ levels of cells in the control, eV, coX6B1, i/r, eV + i/r and coX6B1 + i/r groups were determined by flow cytometry. Following transfection, hippocampal neurons were seeded (2x10 4 cells/well) into 6-well plates and cultured in an incubator for 24 h 37˚C prior to exposure to the aforementioned oGd/r protocol. The staining reagent Fluo-3, aM (Sigma-aldrich; Merck KGaa) was added into the wells and the cells were incubated at 37˚C for 45 min. Subsequently, the cells were incubated with Hank's Balanced Salt Solution (HBSS; Thermo Fisher Scientific, Inc.) containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) for 40 min at 37˚C. Following incubation, the cells were washed with HBSS for 3 times. The cells were resuspended in HBSS and incubated at 37˚C for 10 min. The concentration of intracellular ca 2+ was assessed by flow cytometry (BD Biosciences, San Jose, ca, uSa) and FSc express version 3 software (de novo Software, Glendale, ca, uSa).
Cell apoptosis analysis. The cell apoptosis of cells in the control, eV, coX6B1, i/r, eV + i/r and coX6B1 + i/r groups were determined by flow cytometry. Following transfection, hippocampal neurons were seeded (2x10 4 cells/well) into 6-well plates and cultured in an incubator for 24 h prior to exposure to the aforementioned oGd/r protocol. The cells were then incubated with annexin V-FiTc and propidium iodide (Beijing Solarbio Science & Technology co., ltd.) in the dark for 20 min at room temperature. A flow cytometer and FSc express version 3 software were used to measure the level of apoptosis. advanced apoptotic cells were presented in upper right quadrants, and early apoptotic cells in lower right quadrants. The relative apoptosis rate of total apoptotic cells (early and advanced) was calculated.
Western blotting. a Mitochondria/cytosol Fractionation kit (AmyJet Scientific Inc., Wuhan, China) was used to separate the mitochondrial and cytosolic fractions. Total protein was extracted from neurons (2x10 4 cells/well in 6-well plates) using radioimmunoprecipitation assay lysis buffer (Beyotime institute of Biotechnology). The protein concentration was determined using Bradford method (Beyotime institute of Biotechnology). a total of 30 µg protein from each sample was separated by 12% SdS-PaGe and transferred to a polyvinylidene fluoride (PVdF) membrane (eMd Millipore, Billerica, Ma, uSa). The PVdF membrane was blocked using 5% skimmed milk at 37˚C for 60 min. Subsequently, the membranes were incubated at 4˚C for 24 h with the following primary antibodies: anti-coX6B1 (1:600; cat. no. 11425-1-aP; ProteinTech Group, inc., chicago, il, uSa), apoptosis regulator Bcl-2 (1:1,000; cat. no. ab194583; abcam), anti-Bcl2-associated X, apoptosis regulator (BaX; 1:800; cat. no. ab53154; abcam), anti-cytochrome c (cyt c; 1:600; cat. no. ab13575; abcam), anti-cytochrome c oxidase subunit 4i1 (coX4i1; 1:1,000; cat. no. ab33985; abcam) and anti-β-actin (1:800; cat. no. ab8226; abcam). Subsequently, the PVdF membranes were incubated at room temperature for 1.5 h with one of the following secondary antibodies: rabbit anti-mouse igG (1:7,000; cat. no. 58802; cell Signaling Technology, inc., danvers, Ma, uSa) or goat anti-rabbit igG (1:700; cat. no. ab6721; abcam). Protein bands were visualized with enhanced chemiluminescent reagents (eMd Millipore) and the protein expression level was detected using a Molecular imager ® Gel doc™ Xr+ System (cat. no. 1708195; Bio-rad laboratories, inc.) and imageJ version 1.46 software (national institutes of Health, Bethesda, Md, uSa). β-actin was used as the loading control for total proteins and cytosolic fractions, whereas coX4i1 was used as the loading control for the mitochondrial fraction; protein expression was normalized to β-actin and coX4i1.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). a Mitochondria/cytosol Fractionation kit was used to separate the mitochondrial and cytosolic fractions. Total rna was extracted from hippocampal neurons (2x10 4 cells/well in 6-well plates) using Trizol ® reagent (Thermo Fisher Scientific, Inc.). RNA was reverse transcribed to cdna using TianScript cdna Synthesis kit (Tiangen Biotech co., ltd., Beijing, china) according to the manufacturer's protocol. cDNA was amplified using TeloPrime Full-Length cDNA amplification kit (Lexogen GmbH, Vienna, Austria), according to the manufacturer's protocol. qPcr experiments were performed using a SYBr Premix ex Taq™ real-Time Pcr kit (Takara Bio, inc., otsu, Japan). qPcr thermocycling conditions were as follows: Initial denaturation at 95˚C for 1 min, followed by 45 cycles at 96˚C for 15 sec and at 63˚C for 45 sec, with a final extension step at 75˚C for 10 min. β-actin was used as the reference gene, except for mitochondrial fraction, for which coX4i1 was used as the reference gene. The primers were purchased from Sigma-aldrich (Merck KGaa) and are listed in Table i . The relative expression of genes was 
calculated using the 2 -ΔΔcq quantification method (22) and normalized to β-actin and coX4i1 expression.
Statistical analysis. all experiments were performed at least three times. GraphPad Prism 6.0 (GraphPad Software, inc., la Jolla, ca, uSa) was used to perform statistical analysis. data are presented as the mean ± standard deviation. Statistical comparisons were performed using one-way analysis of variance followed by Tukey's test. P<0.05 was considered to indicate a statistically significant difference.
Results
Cell viability and COX6B1 expression levels are decreased in hippocampal neurons exposed to OGD/R. The cellular identity of the extracted hippocampal neurons was tested by immunofluorescence assay and >95% of cells were identified to be positive for MaP2 (Fig. 1) . The effects of oGd and oGd/r on hippocampal neurons were investigated, and cell viability and coX6B1 mrna and protein expression levels were examined by ccK-8 assay, rT-qPcr analysis and western blotting, respectively. Following exposure to oGd, cell viability decreased significantly in hippocampal neurons compared with the control group (Fig. 2a) . Furthermore, the viability of cells in the oGd-10 and oGd-30 groups was markedly decreased compared with in oGd group, and significantly decreased in the OGD-60 group. The mRNA and protein expression levels of COX6B1 were significantly reduced in the oGd group, compared with the control group (Fig. 2B) ; additionally, the mrna and protein expression levels of coX6B1 were significantly in oGd-30 and -60 groups compared with in the oGd group ( Fig. 2c and d) . as oGd-60 treatment exhibited the most pronounced effects on cell viability and coX6B1 expression, it was selected as the i/r injury model in subsequent experiments.
Overexpression of COX6B1 decreases the cytosolic levels of Ca
2+ in hippocampal neurons increased following I/R. The transfection efficiency of COX6B1 overexpression vectors was detected using rT-qPcr and western blotting. Hippocampal neurons transfected with pcdna3.1(+)-coX6B1 exhibited an increase in the mrna and protein expression levels of coX6B1 compared with the control eV-transfected cells (Fig. 3) . To investigate the role of coX6B1 in the intracellular levels of ca 2+ in hippocampal neurons, flow cytometry was conducted. The cytosolic levels of ca 2+ were 4.19% in the control group, 4.23 in eV, 3.67 in coX6B1, 8 .44 in i/r, 8.15 in eV + i/r and 6.02% in coX6B1 + i/r treated cells (Fig. 4a) . The relative concentration of ca 2+ was significantly increased in the i/r group compared with the eV group (Fig. 4B) ; however, coX6B1 overexpression decreased the concentration of ca 2+ compared with the eV + i/r group.
Overexpression of COX6B1 represses I/R-induced apoptosis of hippocampal neurons and increases cell viability.
To investigate the effects of coX6B1 on apoptosis and viability of hippocampal neurons, flow cytometry and CCK-8 assays were conducted, respectively. cells exposed to i/r exhibited an increased total apoptotic rate (early + advanced) compared with the eV group ( Fig. 5a and B) . nevertheless, coX6B1 overexpression in hippocampal neurons decreased the apoptosis induced by i/r injury ( Fig. 5a and B) . in addition, cell viability was decreased following i/r injury, whereas overexpression of coX6B1 increased the viability of cells following i/r injury (Fig. 5c) .
Overexpression of COX6B1 increases the expression levels of BCL-2 and decreases the expression levels of BAX in hippocampal neurons following I/R injury.
To investigate apoptotic pathway components downstream of coX6B1 in hippocampal neurons, the expression levels of apoptosis-associated factors Bcl-2 and BaX were investigated by rT-qPcr and western blotting. The mrna expression levels of BaX in the i/r, eV + i/r and coX6B1 + I/R groups were significantly increased compared with those in the eV group, whereas the expression levels of Bcl-2 were significantly decreased compared with in the EV group ( Fig. 6a and B, respectively) . overexpression of coX6B1 following i/r injury decreased the mrna expression levels of BaX and increased the expression levels of Bcl-2 compared with the eV + i/r group. Similar alterations in the expression of BaX and Bcl-2 were observed at the protein level, as assessed by western blotting (Fig. 6c-e) .
Overexpression of COX6B1 increases the expression levels of mitochondrial cyt c and decreases the expression levels of cytosolic cyt c in hippocampal neurons following I/R.
To investigate the role of coX6B1 on the expression levels of cyt c in hippocampal neurons, rT-qPcr and western blotting were performed. The expression levels of mitochondrial cyt c decreased, whereas the expression levels of cytosolic cyt c increased following i/r injury; coX6B1 overexpression reversed the effects of i/r injury (Fig. 7) .
Discussion
Primary cultured hippocampal neurons are frequently harvested from hippocampi of newborn (<24-h-old) rodents, owing to their localization and the amount of available material (23, 24) , and these cells have been used to establish experimental models to study the function of neurons in vitro. Therefore, in the present study, the hippocampal neurons from fetal rats were selected as a model to study i/r injury. MaP2 is a specific marker of hippocampal neurons (25). MAP2 protein expression was used to confirm the identity of the extracted cells used in the present study; therefore, the extracted cells were identified as hippocampal neurons. OGD exposure has been used by various previous studies to investigate neuronal ischemia in vitro (26, 27) . Therefore, in the present study, this method was selected to establish an i/r model in hippocampal neurons. cell viability decreased by ~50% in cells exposed to oGd for 60 min followed by reoxygenation treatment for 60 min, as assessed by ccK-8 assay.
Massa et al (16) demonstrated that genetic mutations affecting the 20th amino acid residue of coX6B1 protein may cause severe infantile encephalomyopathies. in addition, previous studies reported that knockout of coX5a and coX6a may lead to a decline in the number of neurons in animal models (28, 29) . nevertheless, the molecular mechanism underlying coX6B1 function in hippocampal neurons remains unclear. in the present study, the expression levels of coX6B1 decreased following ischemic or i/r injury. Therefore, it was hypothesized that coX6B1 may serve a role in hippocampal neurons following i/r injury. Subsequently, in the present study, coX6B1 was overexpressed in hippocampal neurons exposed to oGd/r, which reversed the i/r-induced decrease in viability of hippocampal neurons. dysregulation of intracellular ca 2+ homeostasis is a mechanism of cell death caused by various factors (30, 31) . cerebral ischemia leads to membrane depolarization and causes the release of presynaptic excitatory transmitters, including glutamic acid and aspartic acid, and extracellular ca 2+ ions enter the cells via voltage-gated channels and n-methyl-d-aspartate receptor-gated channels (32) . an increase in intracellular ca 2+ may lead to the activation of ca 2+ -dependent enzymes, including cytoplasmic phospholipases and proteases, which may cause the degradation of cell membranes and the disruption of the neuronal cytoskeleton, damaging the structure and function of neurons (33, 34) . in the present study, the levels of cytosolic ca 2+ were increased following i/r neuronal injury, whereas overexpression of COX6B1 significantly decreased i/r-induced cytosolic ca 2+ levels in hippocampal neurons. The present results suggested that coX6B1 overexpression protected against i/r-induced neuronal damage by inhibiting the cytosolic levels of ca 2+ . a number of previous studies demonstrated that neuronal apoptosis served a principal role in neuronal death following cerebral i/r (26, 35, 36) . in accordance with these previous studies, the present study demonstrated that apoptosis was promoted following i/r injury. additionally, overexpression of coX6B1 was able to suppress i/r-induced neuronal apoptosis. Subsequently, the molecular mechanism underlying neuronal apoptosis was investigated in the present study. The proteins belonging to the Bcl-2 family are involved in the apoptotic pathway, and regulate the permeability of the outer membranes of mitochondria (37) . Bcl-2 and BaX are antagonistic proteins. Bcl-2 serves anti-apoptotic roles, whereas BaX serves a role in promoting apoptosis (38) . aboutaleb et al (39) demonstrated that the expression level of Bcl-2 decreased, whereas BaX expression increased in hippocampal neurons following i/r injury (39) . in accordance with that previous study, the present results revealed that the expression level of Bcl-2 decreased following i/r injury, whereas the expression level of BaX was increased. However, overexpression of COX6B1 significantly reversed the expression levels of Bcl-2 and BaX in hippocampal neurons following i/r injury. The present results suggested that coX6B1 overexpression was able to reduce i/r-induced neuronal apoptosis by downregulating the expression level of BaX and by upregulating the expression level of Bcl-2. in addition, Wang et al (40) reported that cyt c was detectable in the cytoplasm of neurons following i/r injury, and appropriate ischemic post-conditioning significantly decreased the cytoplasmic levels of cyt c in neurons. The release of cyt c from mitochondria to the cytoplasm is an important step of apoptosis (41) (42) (43) . Therefore, in the present study, the levels of mitochondrial and cytoplasmic cyt c in hippocampal neurons were investigated. The results suggested that the expression level of mitochondrial cyt c decreased; however, the expression level of cytosolic cyt c increased in hippocampal neurons following i/r injury. This may be a result of the destruction of the mitochondrial outer membrane induced by i/r injury, leading to the release of cyt c from the mitochondrial membrane space. conversely, overexpression of coX6B1 reversed the effects of i/r injury; the expression levels of mitochondrial cyt c in the coX6B1 Figure 6 . overexpression of coX6B1 increases the expression levels of Bcl-2 and decreases the expression levels of BaX in hippocampal neurons exposed to i/r injury. (a-e) cells were exposed to oGd for 60 min, reoxygenated for 60 min and transfected with pcdna3.1(+)-eV or with pcdna3.1(+)-coX6B1 overexpression plasmid. (a and B) mrna expression levels of (a) apoptosis regulator BaX and (B) Bcl-2 were determined using reverse transcription-quantitative polymerase chain reaction. + I/R group were significantly increased compared with in the eV + i/r group, whereas the expression levels of cytoplasmic cyt c were significantly decreased in the COX6B1 + i/r group compared with in the eV + i/r group. The overexpression of coX6B1 may reduce the ir-induced damage to the mitochondrial outer membrane. of note, there was no clear difference in the mrna expression of cytosolic cyt c between the eV and the coX6B1 group, whereas the protein expression of cytosolic cyt c in the coX6B1 group was markedly (but not significantly) increased compared with in the eV group. it may be that the overexpression of coX6B1 promoted a small release of cyt c from the mitochondria to the cytoplasm; however, this would require further investigation. The present results suggested that coX6B1 overexpression reversed i/r-induced neuronal apoptosis by inhibiting the release of cyt c from mitochondria to the cytoplasm. However, the present study presents some limitations; the specific molecular mechanism underlying the function of coX6B1 in i/r injury was not investigated. Furthermore, the present experiments were performed in vitro and further in vivo analyses are required to confirm the present observations.
collectively, the present study results indicated that coX6B1 overexpression was able to partially protect neurons following i/r-induced damage by increasing cell viability and by decreasing the levels of cytosolic ca 2+ and apoptosis. The results may facilitate the development of novel strategies for cVd prevention and treatment.
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